Sudden death in a hot bathtub occurs frequently in Japan, particularly among elderly people. This retrospective report describes the epidemiologic circumstances and physical findings at autopsy. In total, 268 victims were found unconscious or dead during tub bathing. After postmortem examination, the manner of death was judged as natural cause in 191 (71.2%) and accidental drowning in 63 (23.5%) cases. Mean age (SD) was 72.1 (15.2) years with no significant difference between males and females. A seasonal difference was evident: the winter displayed the highest frequency. Drowning water inhalation, which was confirmed in 72% of victims, was absent in the others. The most common observations on postmortem examination were cardiac ischemic changes and cardiomegaly. Water inhalation signs were evident in a significantly fewer victims exhibiting these factors. In contrast, inhalational findings were observed more frequently in victims with other backgrounds such as alcohol intake, mobility disturbance, and history of epilepsy. Annual mortality in Japan from accidental drowning in persons aged older than 75 years is 33 deaths per 100,000 population. However, this number may be considerably underestimated as pathologists tend to regard lack of water inhalation as indicating a natural cause of death. Confusion in diagnosis remains consequent to the accidental and natural aspects of ''dead in hot bathtub'' phenomenon.
T raditional Japanese bathing manners differ considerably from those associated with the western style of bathing. Japanese people pour very hot water of approximately 40-C to 42-C into a bathtub up to shoulder depth and soak in a sitting position 1 ; so-called ''head-out water immersion.'' Therefore, the tubs are sufficiently deep for submersion of the face. A commercial survey by a gas company in 1999 revealed that, on average, Japanese people take a bath 5 times per week, spending 11 minutes in the water each time. Intergenerational and regional differences of bathing behaviors are known throughout Japan. 2 Hong et al 3 reported results of an empirical study, which indicated that people feel most comfortable bathing at temperatures ranging from 40.1-C to 40.5-C. However, elderly people prefer bathing in water heated to temperatures higher than 43-C. Being hot bathers, they sometimes suffer burns to the skin. 4 The Tokyo Fire Department estimates that as many as 14,000 sudden deaths occur annually nationwide during bathing: more than twice the number of traffic deaths. In 2005, the Tokyo Medical Examiner's Office examined 1040 cases of sudden bathtub death. 5 The estimated mortality is 12 deaths per 100,000 population each year. 6 The prevalence of such sudden deathsYYtentatively designated as ''dead in hot bathtub'' phenomenonYYis a socially critical issue. Similar deaths during hot bathing seem to occur in the Hamam, a Turkish-style bath. 7 The incidental circumstances are quite similar in sudden deaths in a hot bathtub. For instance, a family member typically becomes anxious after the victim has remained in the bathroom for a prolonged period. The member discovers the bather unconscious in the hot water of the bathtub and calls for emergency assistance. In some instances, the victim is transferred to an emergency hospital. However, in most incidents, the victim is judged to be deceased and the police are called. No calls for help are heard. No effective act of deception is apparent. These circumstances strongly suggest that the victim became unconscious during a short period of perhaps several seconds.
From the medicolegal standpoint, acute bathing deaths are regarded as accidental drowning in the manner of death. In contrast, the situation in Japan is quite distinct from such a common sense appraisal. Many clinicians regard this phenomenon as a progressive collapse of preexisting disorders, particularly heart disease. Controversy has long persisted as to whether the pathogenesis of a characteristic drowning in the quite limited space of the tub is generated by a natural cause (eg, ischemic heart disease) or generated unnaturally by an external factor (eg, inhalation of water). 8 This report presents our review of the files of victims who underwent postmortem examination in our department during a 10-year period. We also document the trends of epidemiologic circumstances and autopsy findings, which have not been introduced sufficiently in other countries.
METHODS
Records of sudden bathtub death cases during the 10-year period from January 1998 to December 2007 at the Department of Forensic Medicine, Tokai University School of Medicine were reviewed retrospectively. Five forensic pathologists contributed the postmortem examinations. We restricted subjects to those who experienced incidental death while bathing alone in the bathtub water. Deaths occurring out of water in the bathroom were excluded, as were suicide and homicide cases. Also excluded from the study were victims who survived for more than half a day after emergency transportation. To investigate the circumstances of the victims, we referred to police reports that contained a detailed description of the death scene, statements from witnesses and the medical history. In total, 268 autopsied cadavers were chosen for this study of circumstances.
In addition to gross observation at autopsy, postmortem examinations including macroscopic photography, microscopic examination of the organs, toxicological screening using Triage (Biosite Inc, San Diego, Calif ), and blood alcohol level determination were performed in some of 173 cases. In the remaining 95 cases, these microscopic and toxicological examinations were not performed mainly due to limitations in our administrative autopsy system. Pathological findings were evaluated in these limited 173 cases for further assessment. A wide variety of findings were evident, but only major findings are indicated. Some subjects exhibited one or more findings. Coronary artery stenosis, due to atherosclerosis, of greater than 75% and fresh or old ischemic findings in the myocardium were regarded as cardiac ischemic changes on microscopy. We considered Sato's cardiac index score greater than 2.5, 9 and regarded thickening in the left ventricle of the heart weighing greater than 400 g as cardiomegaly. Pulmonary dysfunctions included severe emphysema from tuberculosis. In mobility disturbance, physical movement was restricted by neurological disorders such as spinocerebellar degeneration, paraplegia, cancer metastases, Parkinson disease, and hemiplegia by traffic aftereffect. An ethanol level of 1.0 mg or greater per milliliter of blood was considered a high level. A t test was conducted to compare the 2 groups.
RESULTS

Environmental Circumstances
Our records revealed that 268 subjects (137 males and 131 females, aged 8 to 95 years) died because of hot bathtub phenomenon. As shown in Figure 1 A seasonal difference in incidents was evident. Death occurred more frequently in winter from November to the first half of March (Fig. 2 ). The number of incidents in the winter from December through February was approximately 5.6 times the number in the summer time from July to August. On the basis of a 24-hour period, incidents of hot bathtub phenomenon were higher from 8:00 PM to midnight. The bathroom of the victim's own residence was the most common setting, accounting for 228 (85.7%) of cases. Other settings are summarized in Table 1 . Of 36 victims for whom the water temperature was automatically controlled in the bathing system or whose temperature was measured during the death scene investigation, the temperature ranged from 38-C to 45-C with a median of 41-C.
The period from the start of bathing to the discovery of the deceased was unknown in most (222) of the victims. For the remaining 46 known victims, the time ranged from within 15 minutes for 6 (13.0%), 16 to 30 minutes for 15 (32.6%), 31 to 60 minutes for 14 (30.4%), and to more than 60 minutes for 11 (23.9%). These data, especially in instances of a short discovery time of within 30 minutes, suggest that the family members were anxious about the person's bathing alone, probably because of a handicap or clinical disease. Moreover, the face was submerged in the water at the death scene in 251 cases, whereas it was not submerged in 8 instances. The face position was unknown in the remaining 9 cases.
Manner of Death
Forensic experts judged 63 (23.5%) cases as accidental drowning and 191 (71.2%) as natural diseases such as ischemic heart disease, apoplexy, renal failure, or cancers, in official documents. Furthermore, due to decomposition, the remaining 14 (5.2%) cases were judged as deaths of unknown cause, as indicated in Table 2 . 
Autopsy Findings
For further study, subjects were restricted to 173 cadavers for whom the full series of postmortem laboratory examinations was performed; cases involving decomposition were excluded. Major findings at autopsy, the average age, and the presence of water aspiration signs are summarized in Table 3 . On gross observation, water inhalation signs including froth in the air passage spaces, aqueous pulmonary edema, emphysema, Paltauf spots (marbled appearance with a dark red area interspersed with a bright zone of aerated tissue), etc, were evident in 124 victims, but were absent in 49 victims. One fourth of the victims showed no apparent aspiration of drowning water.
Various findings and histories were revealed at the postmortem examinations. The most common findings were cardiac ischemic changes and cardiomegaly. Heart disorders, including the aforementioned conditions, and chronic heart failure were observed in 87 victims, especially in people older than 70 years. Water inhalation signs were notably absent in 40 victims. Intracranial hemorrhages, including subarachnoid and cerebral hemorrhages, were detected in 6 victims, none of which exhibited aspiration of drowning water in the airway and lungs. The negative incidence in victims displaying these heart and brain disorders was significantly higher than in victims characterized by other findings (P G 0.01).
In contrast, 7 victims younger than 50 years demonstrated a history of epileptic seizure; all of these victims displayed signs of drowning water inhalation. The same trend was observed in cases exhibiting mobility disturbance resulting from neurological disease.
In external factors, high levels of ethanol and drug overdosage involving antipsychotics were detected in 32 victims.
Findings of drowning water inhalation were more frequently observed in these toxicology-related cases.
DISCUSSION
In the current study, we retrieved files of victims of bathtub death. In 2007, the total annual mortality from accidental drowning in Japan was 5.5 deaths per 100,000 population, which is as high as 33 deaths per 100,000 for individuals older than 75 years. The annual mortality of fatal drowning in males was compared among 5 nations as presented (Table 4 ): United States, France, Germany, England, and Japan. 10 Data for Japan are distinct from those of the other nations, representing a large increase after 50 years, for example, more than 10 times greater than those of the other nations for persons older than 75 years. This increase is attributable mainly to acute bathing deaths in elderly people, in addition to other typical drowning deaths that occurred in ponds, rivers, and oceans. However, the official numbers reflect only a fraction of the actual accidents as most bathtub deaths have been described in the death certificate as attributable to natural causes such as ischemic heart disease.
To the best of our knowledge, the only data similar to those of the current study were available from the Osaka Prefecture Medical Examiner's office in 1993. 11 A portion of the results at Osaka is included in Table 2 . Forensic pathologists and clinicians dealt with 542 bathtub deaths (7.6%) among a total of 7093 deaths reportable to the Medical Examiner's office. In a manner consistent with the present investigation, 166 (30.6%) of the 542 cases were ruled as accidental drowning, in which signs of water inhalation should be evident with no findings of severe disease. The remaining cases were attributed to natural causes. It is clear that public health statistics in Japan do not cover all data related to deaths in a hot bathtub. In Japan, the ''dead in hot bathtub'' phenomenon typically occurs in people older than 70 years during the winter. Budnick and Ross, 12 through their extensive investigation of bathtub deaths in the United States from 1979 to 1980, documented 710 victims who drowned in a bathtub, which corresponds roughly to an annual mortality rate of 1.6 deaths per 100,000 population. We expect that the actual incident rate in Japan is approximately 8 times higher than that in the United States. Winter demonstrated the greatest frequency in this study, as well as in a Turkish report. 7 In contrast, Budnick and Ross 12 showed that the season displaying the highest frequency for incidents is spring; the season characterized by the lowest frequency is winter.
The reason for the seasonal difference remains unclear. However, in Japan it is believed that the large temperature difference between the hot tub water and other areas in a house in winter is critical. In particular, regarding the temperature of the residence's bathroom, the dressing room temperature is not only lower than that of the very hot water (940-C) in bathtubs, but it is also lower than that of the other living spaces. Kanda et al 13 demonstrated that a person's heart rate and systolic blood pressure after undressing in a dressing room's cold temperature (eg, G17.5-C) are significantly higher than those when a person dresses in the relatively warmer living room. This fact suggests that rapid changes in body temperature are a critical factor capable of inducing sudden death, especially in elderly people.
From a physiological perspective, the bath method potentially affects the prevalence. Winslow et al 14 showed that a tub bath raises the heart rate and blood pressure in myocardial infarction patients more than does a basin bath or shower. However, regarding overviews of another comparison of body immersion bath with shower 15 and other care reports, effects of the bath method were likely to be limited. Hot water seems to be a more critical factor, as indicated in the present study, in which the average recorded water temperature in the sudden bathtub deaths was 41-C. A similar sudden death in a sauna bath was documented in Finland. 16 Subjects under heat exposure to a hot air bath exhibited ischemic changes on the electrocardiogram. 16, 17 In addition, Hannuksela and Ellahham 17 reported that sudden deaths are rare in sauna baths. With respect to the difference in mortality, we hypothesized that heat conduction through the air differs considerably from that through water.
The basic physical effects of hot water immersion are hyperthermia and dehydration by perspiration. Allison and Reger 18 observed in water immersion experiments conducted at 40.0-C and 41.5-C that the hotter temperature accelerated the rise of the body core temperature (eg, esophageal temperature). Several findings related to thermoregulatory and cardiovascular responses have been demonstrated. It is known that bathing at high temperature, such as 41-C, for more than 10 minutes induces dramatic changes in heart rate, blood pressure, body temperature, and respiration rate because of sympathetic responses. 19 Nagasawa et al 20 speculated that a hypotensive response might induce unconscious syncope in hot bathing. However, another study revealed that blood pressure during hot bathing was insufficiently hypotensive to induce syncope. 21 In the present study, the most common finding among the subjects was coronary arteriosclerotic change, which is fundamentally consistent with results of a previous clinical investigation. 22 In ischemic heart disease, coronary arteriosclerosis and cardiomegaly were the major risk factors in people older than 50 years. A history of epilepsy was evident in persons younger than 50 years. Postmortem examinations did not disclose whether convulsions occurred during bathing. However, several reports from other countries described a history of epilepsy as a risk factor for younger adults. 12, 14, 23, 24 Alcohol intake seems to be a risk factor for every age group.
Ischemic heart disease and arrhythmia, in addition to their effects on hemodynamics, might be associated with sudden deaths. Our previous experiment, which investigated the relationship between hot bathing and sudden cardiac death, revealed that systemic dehydration dramatically increases blood viscosity and hematocrit in subjects bathing in water at high temperature of 42-C, 25 which is a major risk factor of ischemic heart disease. 26 Chiba et al 6 also showed that the heart rate and oxygen consumption during bathing are elevated significantly in elderly people in comparison with young adults, indicating that, even under identical conditions, elderly people with a history of arrhythmia may develop severe ventricular arrhythmia, including ventricular fibrillation. A case report of postmortem molecular diagnosis by Lunetta et al 27 demonstrated that a death in a bathtub is potentially associated with the long QT syndrome, which generates the fatal arrhythmia of torsades de pointes.
Pulmonary effects are another known pathophysiological aspect of hot tub use. Inhalational exposure to hot tub vapors leads to a variety of transient changes in the lungs such as bronchiolocentric granulomatous infiltration 28 in histological examination. Pneumonitis caused by bacterial and fungal infections can result from bathing. Furthermore, bathing in a hot tub might affect the toxicity of drugs such as bromine and hydrobromic acid. 29 As discussed previously, hot bathtub deaths exhibit aspects of heterogeneous pathogenesis.
Drowning water inhalation signs were absent in nearly half of the victims with heart disorders, including all the victims displaying intracranial hemorrhage. However, diagnosis of submersion deaths is not at all simple. 30 Signs such as froth in the air way and pulmonary edema are nonspecific to drowning, that is, sudden cardiac death. In contrast, the absence of water inhalation potentially occurs even in cases of drowning because a small amount of water stimulates laryngeal spasm mediated by the vagal reflex. 31 Such blockage does not allow the invading water into the trachea and the lungs. Alternatively, this evidence indicated that natural causes seem to have contributed to the onset of sudden and unexpected death despite the mechanism via which aspiration of much drowning water had occurred. 32 However, water inhalation signs were observed at clearly higher frequencies in those subjects characterized by alcohol intake or drug overuse and demonstrating mobility disturbance. The reason remains unclear; however, differences in drowning water inhalation can be attributed to how long a person remained alive after the onset of unconsciousness and how much water was aspirated. Piette and De Letter 33 noted that the diagnosis of a true drowning is a difficult matter in cases of immersion deaths.
According to the International Classification of Diseases 10, an accidental drowning death during bathing is coded as drowning and nonfatal submersion (T75.1), with a subclassification of drowning and submersion while in a bathtub (W65) as the place of occurrence and activity code. However, we often hesitate to classify victims who fail to display drowning water inhalation to accidental drowning. In fact, some forensic pathologists seem to favor the lack of water inhalation in an individual with obvious disease symptoms (eg, ischemic heart disease) as indicative of a natural cause of death. Because the number of hot bathtub deaths may be ignored in the public health statistics and may be considerably underestimated for the reasons described previously, we consequently urge the application of a novel disease concept related to the characteristic bathtub deaths, for example, ''dead in hot bathtub'' syndrome.
